Legionellaceae are composed of a single genus, Legionella, which is currently comprised of over 52 species. L. pneumophila, L. micdadei, L. longbeachae, and L. dumoffi are clinically considered the most important, with L. pneumophila causing >90% 1,7 of cases of legionnaires disease (LD). Since LD's recognition in 1976 following an outbreak of pneumonia involving delegates of an American Legion convention in Philadelphia, there has been increased awareness and importance of the isolation, detection, and reporting of these cases. Herein we describe the unfortunate case of a 7 month old boy with undiagnosed LD that lead to respiratory insufficiency, sepsis, multisystem organ failure and death. Laboratory investigation methods, and clinical and pathological findings are discussed.
Case
A 7 month old male neonate presented to our institution with lethargy, tachycardia, and hypertension with a 3-day history of vomiting, cough and congestion. Imaging studies identified a 4 cm collection of hemorrhage in the posterior fossa; neither abnormal vascular structures nor a site of origin were ascertained. The patient was admitted to the pediatric intensive care unit following an emergent craniotomy for evacuation of blood products and placement of an external ventricular drain for obstructive hydrocephalus. The next day, follow-up imaging demonstrated reaccumulation of hemorrhage in the same location, which prompted laboratory testing to assess the patient's clotting function. The investigation revealed the patient had a Factor VIII deficiency (hemophilia type A). Interestingly, the patient had a previous history of prolonged bleeding times: 3 hours after a heel stick during a wellness visit and 4 hours following a nail clipping. The patient was treated with Factor VIII infusions *To whom correspondence should be addressed. ddemello@phoenixchildrens.com and the reaccumulation of blood was successfully removed following an additional surgical intervention. Surveillance imaging at 3 and 6 days demonstrated no additional sites of hemorrhage.
On postoperative day 5, the patient was extubated but displayed an increase in respiratory effort. Clinical testing involved several microbiological studies. A multiplex, molecular viral respiratory assay (FilmArray-BioFire Diagnostics, Salt Lake City, UT) detected rhinovirus/enterovirus via polymerase chain reaction (PCR) from a nasopharyngeal swab. Traditional cultures from an endotracheal aspirate grew 1+ Klebsiella pneumoniae, a bronchoalveolar lavage demonstrated 2+ Enterobacter cloacae, and a sample of pleural fluid was negative. The patient was empirically treated with vancomycin and piperacillin/tazobactam, which were transitioned to ceftriaxone and cefazolin following the identification of K. pneumoniae.
Despite antibiotic treatment, the patient's course declined, which required intubation with subsequent escalation to an oscillator and then venovenous extracorporeal membrane oxygenation (VV-ECMO); the latter was later converted to veno-arterial extracorporeal membrane oxygenation (ECMO). Bilateral chest tubes were placed to evacuate pleural effusions. During the course of ECMO treatment, the patient displayed marked anasarca and decreased urine output for which continuous renal replacement therapy was provided to decrease fluid overload and to treat clinically suspected renal injury. Amidst all courses of medical treatment, the patient's e10 Lab Medicine 2018;49;e9-e13 DOI: 10.1093/labmed/lmx073 status continued to worsen. Routine roentgenograms of the chest showed complete whiteout of the lungs. Additional laboratory testing showed significantly elevated procalcitonin levels (65.09 ng/mL), leukopenia with severe neutropenia (0.4 × 10 3 /μL), and thrombocytopenia (74 × 10 3 /μL). These results, combined with the clinical findings, suggested the patient was septic with secondary disseminated intravascular coagulation resulting in low platelet counts. Unfortunately, the patient's course continued to deteriorate despite all aggressive therapies. The patient's hemodynamics continued to worsen, and thrombi developed in the ECMO cannulae. Given the patient's abysmal status, the clinical team deemed that the patient could not survive a circuit change. The family was updated by the clinical team, who discussed the patient's grave prognosis. The parents elected to withdraw support, and the patient expired shortly thereafter; consent was obtained for autopsy with no restrictions.
The postmortem examination conducted for this case not only documented the external and internal findings at the gross and microscopic levels, but also included multiple microbiological analyses. The major salient finding in this patient's examination involved the respiratory system. The lungs were hyperexpanded, and the pleural surfaces displayed green-yellow foci of exudate as well as green-brown cavitating areas highly suspicious for infection. On sectioning, the lesions noted on the pleura were recapitulated in the parenchyma admixed with multiple abscesses scattered throughout each of the lobes. A cystic lesion was noted in the right middle lobe filled with green-brown gelatinous material; areas of necrotic parenchyma were conspicuous (Image 1). Aliquots of the lung, heart blood, bone marrow, and heart were frozen and held for further possible studies as well as sent for microbiological investigation. Molecular analyses were conducted in-house via real-time PCR (RT-PCR) to identify possible etiological viral agents (adenovirus, cytomegalovirus, Epstein-Barr virus, human herpesvirus 1, 2, 6, 7, and 8, and human bocavirus) and none were detected. All routine cultures (aerobic, anaerobic, acid-fast bacilli, and fungus) were negative. Despite the negative routine culture of the lung, a Gram stain from the same specimen showed many gram negative rods ( Table 1) . Both postmortem heart blood and antemortem blood samples (ECMO circuit and central line) also demonstrated gram negative rods.
Given the combination of the gross and microbiological findings, it was clear that this patient's demise stemmed from an infectious etiology and additional investigations
Image 1.
Left lung: Post-mortem examination revealed lungs occupying 100% of their respective cavities with both pleural surfaces covered by greenyellow exudate. The lungs were firm and rubbery, and the cut surfaces showed red hepatization consistent with panlobar pneumonia with zones of necrosis, abscess formation, and no recognizable normal parenchyma. Note the markedly enlarged lymph nodes at the level of the hilum. were employed. Antemortem and autopsy materials ( Table  2) were tested for L. pneumophila via RT-PCR, which consisted of an in-house designed and validated qualitative assay used to detect and amplify a 73 bp region of the macrophage infectivity potentiator (mip) gene (GenBank: KY774444) specific to the L. pneumophila species. All analyzed samples were positive for the organism. Further, the postmortem samples sent for routine culture were retroactively replated on the appropriate medium (buffered charcoal yeast agar [BCYE] with polymyxin B, cefamandole, and anisomycin) for the isolation and detection of L. pneumophila (Image 2) and processed according to recommendations (35°C-37°C in air enriched with 2%-5% CO 2 ). 1 As suspected, the replated cultures demonstrated positive growth. Isolates growing on the BCYE agar were sequenced and analyzed utilizing partial 16s rRNA sequencing (1424 bp GenBank: KY927403) as well as mip gene sequencing (490 bp GenBank: KY941094), and verified against various 16s rRNA and Legionella-specific gene databases such as BLAST and EWGLI. These tests not only confirmed the previous PCR results but also determined the isolate serogroup: L. pneumophila serogroup-1.
Discussion
The legionellaceae are composed of a single genus, Legionella, which is currently comprised of over 52 species. L. pneumophila, L. micdadei, L. longbeachae, and L. dumoffii are considered the most important from a clinical standpoint, with L. pneumophila causing more than 90% of cases of LD. 1, 7 Since LD's recognition in 1976 following an outbreak of pneumonia involving delegates of an American Legion convention in Philadelphia, there has been increased awareness of and importance placed on the isolation, detection, and reporting of these cases. Legionella, like other organisms, has the ability to act similar to an intracellular parasite by infecting macrophages (Image 
Image 3.
Small gram negative rods typical of L. pneumophila were present in alveolar macrophages (microscopic section of lung with Brown-Hopps stain 400x).
3), as well as the ability to survive in the environment for extended periods of time. Legionella has an affinity for growing and spreading in warm water environments, such as showers and faucets, cooling towers, air conditioning units for large buildings, hot tubs, decorative fountains, hot water tanks, and large plumbing systems. 2 Death is a concern with a 10% mortality rate that increases to 25% for healthcare-related cases. 3 Legionella is extremely rare in pediatric cases and typically presents with symptoms associated with pneumonia (cough, fever, headache, chills). When compared to the common causes of pneumonia, and given the limited numbers of Legionella infections, atypical L. pneumoniae can often be overlooked and not considered in the clinical differential diagnosis, which may result in patient mortality as exemplified in this case.
To assist clinicians in making the correct diagnosis, multiple diagnostic tests (urinary antigen assays and PCR) have been introduced that allow for both decreased turnaround times and highly sensitive/specific results. These rapid analyses permit optimal care for improving patient outcomes. The primary methods for identification and confirmation of the infectious agent in this case included routine and advanced molecular detection, sequencing, and traditional microbiological culture. The use of molecular diagnostic technology has been thoroughly documented as an excellent technique for the detection and identification of the many different serotypes of common clinically significant L. pneumophila strains.
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Conclusion
When patients have progressively worsening pneumonia despite antibiotic treatment, clinicians should continue to assess samples for the inciting agent, typical or atypical, to accurately diagnose and provide appropriate care for the patient. Herein we discuss the unfortunate demise of a male neonate with undiagnosed LD who succumbed to multisystem organ failure. Although relatively uncommon, clinical microbiology laboratorians should be aware of the possibility of L. pneumophila when Gram stains reveal tiny, faint, gram negative rods and routine cultures display no growth. Further, this brief report reviews several testing modalities (RT-PCR, sequencing, and traditional microbiological culture) available to microbiologists to detect and/or confirm presence of the organism.
